A 76-year-old man was admitted to our hospital with cough and dyspnea. He was diagnosed with advanced lung cancer. Nivolumab was given as second-line treatment, cytotoxic chemotherapy was given as third-line treatment, and nivolumab re-challenge was given as fourth-line treatment. Thereafter, 41 chemotherapy courses were administered over 2 years. Currently, he is being followed with no recurrence at least 10 months after treatment. Thus, the case of a patient with advanced lung cancer who was previously unsuccessfully treated with nivolumab and then demonstrated a long-term clinical response to a re-challenge with nivolumab after cytotoxic chemotherapy and radiation therapy is presented.
Introduction
The development of immune checkpoint inhibitors (ICIs) has dramatically changed lung cancer treatment, demonstrating an overall survival benefit [1] . Furthermore, ICI or ICI plus chemotherapy treatment showed superiority compared to chemotherapy as first-line therapy [2, 3] . A few reports of ICI re-challenge have been published in patients with melanoma and involved ipilimumab monotherapy or combination therapy with ipilimumab and nivolumab [4, 5] . These reports showed that ICI re-challenge achieved good results for some patients. Some patients achieve a long-term response with ICIs; however, not all patients obtain a response from immunotherapy. Patients with disease progression after ICIs also generally receive conventional cytotoxic chemotherapy. However, limited data are available about the efficacy and safety of ICI re-challenge in cases of non-small cell lung cancer (NSCLC).
The case of a patient with advanced NSCLC who was previously treated with nivolumab and demonstrated long-term clinical response to re-challenge with nivolumab after receiving cytotoxic chemotherapy and radiation therapy is presented.
Case report
A 76-year-old man was admitted to our hospital with cough and dyspnea. A mass shadow was found in the right upper lobe on computed tomography (CT), and transbronchial lung biopsy by an endobronchial fiberscope showed advanced squamous cell carcinoma, cT3N3M1b (OSS, BRA, PUL, PLE) stage IVB ( Fig. 1a ), without epidermal growth factor receptor (EGFR) mutation and anaplastic lymphoma kinase (ALK) translocation, and the tumor was positive for programmed cell death ligand-1 (PD-L1) expression [tumor proportion score (TPS) 30%]. The patient had previously smoked 50 packs of cigarettes per year and had no specific medical history. His Eastern Cooperative Oncology Group (ECOG) performance status (PS) was 0.
Four courses of carboplatin (AUC 6, day 1, every 3 weeks) plus tegafur-gimeracil-oteracil (S-1) (100 mg/day, days 1-14) and five courses of consolidation therapy with S-1 were given as the first-line treatment. He achieved a partial response (PR), but an increase in the brain metastasis was observed, and the patient underwent stereotactic irradiation for the brain metastasis (10 Gy � 3 fr, total 30 Gy). Nivolumab (3 mg/kg, day 1, every 2 weeks) was then administered as second-line treatment. However, after administration of three courses, increases in the lymph nodes and brain metastasis and elevation of the tumor marker carcinoembryonic antigen (CEA), from 4.9 to 7.8 ng/ml, were observed, and he was judged to have progressive disease (PD) ( Fig. 1b ). After repeat stereotactic irradiation for the brain metastasis (10 Gy � 3 fr, total 30 Gy), he was given six courses of nab-paclitaxel (100 mg/m 2 , days 1, 8, and 15, every 3 weeks) as the third-line treatment, and he achieved PR. However, 3 months later, an increase in the lymph nodes and brain metastasis occurred and was considered PD (Fig. 1c ). After further stereotactic irradiation for the brain metastasis (10 Gy � 3 fr, total 30 Gy), the patient was treated with re-challenge with nivolumab (2 mg/kg, day 1, every 2 weeks) as the fourth-line therapy. Four months after the nivolumab re-challenge, CT showed PR in the lymph nodes and brain metastasis. Thereafter, 41 chemotherapy courses were administered over 2 years. Currently, the patient's nivolumab has been discontinued, and he is being followed with no recurrence at least 10 months after treatment ( Fig. 2a-d ).
Discussion
A case in which the initial administration of nivolumab was ineffective, but re-challenge was effective and a long-term clinical response was obtained, was described. Furthermore, this is the first report of longterm survival following ICI re-challenge. In this case, there was no difference in PS and the patient's dose of corticosteroids at the time of first ICI treatment and ICI retreatment.
Today, ICIs are key drugs in the treatment of advanced NSCLC. Some cases are long-term responders, but specific predictors of treatment response have not been established. Recently, the efficacy of ICI rechallenge has been reported. Since ICI re-challenge could provide clinical benefit in selected patients, it is important to determine in which patients the re-challenge might be effective. From the previous reports, there are three possible predictors of the effectiveness of ICI re-challenge.
First, PD-L1 expression could be one of the biomarkers for predicting the efficacy of ICI re-challenge. In a previous large clinical trial, patients with high (TPS � 50%) PD-L1 expression showed a good response [2] . In a previous report, all three patients with very high (TPS � 80%) PD-L1 expression showed efficacy of retreatment with pembrolizumab [6] . Patients with very high (TPS � 80%) PD-L1 expression may benefit from ICI re-challenge. Second, development of immune-related adverse events (irAEs) is also mentioned as a predictor of the effect of ICI retreatment. Randomized studies of ipilimumab in melanoma have shown that patients with irAEs have high response rates and excellent clinical outcomes with observation alone [7, 8] . In patients with NSCLC, the presence of irAEs during the first ICI treatment might be a predictor of the efficacy of ICI re-challenge [9] . Third, the response to the initial treatment with an ICI could be one of the parameters reflecting the efficacy of ICI re-challenge. In reports of ICI re-challenge, most first ICI responders showed a good response to re-challenge [9, 10] . In contrast, in another report involving NSCLC, the duration of PFS after the first ICI showed no relationship to the efficacy of ICI re-treatment [6] .
However, none of the above predictors was applicable in the current case. Although the initial treatment was ineffective, re-challenge with nivolumab was effective, leading to a long-term clinical response. To attempt to explain this, we considered the possibility of the effect of the chemotherapy and radiotherapy between ICI treatments. The 'abscopal effect' is a theory about cancer antigen presentation by radiation [11] . A recent report of NSCLC demonstrated that patients who had previously received radiotherapy for the treatment of NSCLC before receiving pembrolizumab had significantly longer progression-free survival and overall survival, compared with patients who did not receive previous radiotherapy [12] . However, more large-scale studies to evaluate the relationship between radiotherapy and immunotherapy are needed. In the present case, cytotoxic chemotherapy with nab-paclitaxel was administered between the first ICI treatment and ICI retreatment. Although a change in antigenicity of the tumor secondary to administration of cytotoxic chemotherapy might induce a therapeutic response to ICIs, the mechanism is unclear. The present case suggests that, even if the initial treatment is ineffective, cytotoxic chemotherapy and radiation therapy might induce a therapeutic response to a second ICI challenge.
Thus, a case of a patient with advanced NSCLC who was previously unsuccessfully treated with nivolumab and then demonstrated a longterm clinical response to re-challenge with nivolumab after cytotoxic chemotherapy and radiation therapy was described. However, it is desirable to determine the biomarkers and clinical background characteristics of patients that would facilitate prediction of the efficacy of ICI re-challenge.
